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Oculomotor Reaction Time in Dementia Reflects 
Degree of Cerebral Dysfunction 

Abstract. The effects of diffuse cerebral dysfunction on oculomotor reaction time 
were assessed in patients with dementia of presumed Alzheimer's etiology and in 
normal age-matched control subjects. Patients were classified into mild, moderate, 
and severe groups on the basis of independent neurological, neuropsychological, 
and neuroradiological ratings .for disease severity. Saccadic latencies to targets 
appearing in parafoveal and near peripheral vision showed significant increases 
from the normal controls to dementia groups, with each severity subdivision clearly 
differentiated from the others in terms of mean oculomotor reaction time. These data 
offer strong evidence for a direct relationship between degree of cortical structural 
integrity and simple oculomotor reaction time and suggest a higher cortical regu- 
latory role in sensory-motor integration. 

For more than 130 years, reaction time 
(RT) has been examined experimentally 
as a measure of conduction speed of the 
central nervous system. As early as 
1850, Helmholtz (1) used an RT measure 
to estimate the speed of transmission 
along a frog's motor nerve. Reaction 
time has been used as an index of cere- 
bral dysfunction in a variety of brain- 
damaged groups, with latencies exceed- 
ing normal values (2-5). Prolonged RT's 
on both the ipsilateral and contralateral 
side in patients with unilateral cerebral 
disease (4) suggest that RT may reflect 
the degree of overall cerebral intactness 
rather than specify localized damage. 
Correlations of RT to severity of brain 
injury or dysfunction (5) argue further 
for an association between this simple 
sensory-motor task and the extent of 
involvement of the central nervous sys- 
tem's cortical substrate. Our study ex- 
amined the relationship between RT per- 
formance and the severity of dementia 
(and by inference, cerebral integrity) in 
patients with presumed dementia of the 
Alzheimer's type (DAT) (6). 

Such dementia (n is marked by pro- 
gressive cerebral degeneration of un- 
known etiology, producing cognitive and 
psychomotor disturbances. Alzheimer's 
is believed to be the most frequent cause 
of dementia (8). Morphologically, DAT 
is characterized by ventricular dilation 
and cortical atrophy most prominent in 
the frontal and temporal lobes. Micro- 
scopically, the degenerative changes in- 
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clude senile plaque formation, neurofi- 
brillary tangling, and granulovacuolar 
degeneration. 

Simvle oculomotor RT was chosen as 
the experimental measure because this 
task minimizes attentional and vigilance 
factors, since short saccades to stimuli 
have been traditionally considered voli- 
tional but highly automated (9). Oculo- 
motor RT of 12 normal age- and sex- 
matched elderly control subjects and 12 
patients with DAT were obtained (10). 
The DAT patients were further divided 

/ -: Right visual field 
Left visual field 

Mild DAT 

-. 
Normal elderly 

/-a ----.-- 
01 ' '  ' I 

0 2 3  5 10 15 
Target visual angle (degrees) 

Fig. 1. Group mean oculomotor RT's as a 
function of visual angle and visual half-field. 
Means (t standard deviations) across target 
visual angles and visual fields are shown at 
the left. 

into mild, moderate, and severe groups 
(four per group) on the basis of indepen- 
dent neurological, neuropsychological, 
and neuroradiological ratings for disease 
severity. A deterioration index derived 
from these separate evaluation proce- 
dures consisted of the average ranking 
on these severity scales (from 1, mini- 
mum impairment, to 5, severe impair- 
ment) (11). 

Saccadic latencies were obtained with 
an eye-movement recorder (Biometric 
model 200) paired with a digital proces- 
sor (Nova 12120). Three-letter conso- 
nant-vowel-consonants (CVC's) dis- 
played on a cathode-ray tube (CRT) 
(Lexiscope) served as the stimuli. The 
CVC's in the right visual field had the 
first letter beginning at a visual angle of 
2", 3", 5", lo0, or IS0, with the last letter 
of the CVC ending at similar angles in 
the left field trials. All stimuli subtended 
1" of horizontal visual angle and were 
displayed for 1 second. A short practice 
and calibration session for the photoelec- 
tric sensors preceded the actual experi- 
mental session. Eight trials at each of the 
ten positions presented in a random se- 
quence (sampling without replacement) 
constituted the experimental session. 
Each subject rested his head in a chin 
and forehead rest with the glabella 40 cm 
away from the CRT. We initiated trials 
with a "ready" command when subjects 
were fixated on the zero point on the 
CRT. Subjects were instructed to move 
their eyes to the location of the stimulus 
and name the word. Oculomotor RT was 
defined as the interval between stimulus 
onset and time of movement to the ap- 
propriate half-field of 0.5", an experi- 
mentally determined value used to sepa- 
rate target saccadic movements from on- - 
going oscillatory eye jitter. Latency win- 
dows of 100 to 400 msec for normal 
subjects and 100 to 1000 msec for pa- 
tients were used to accept saccadic RT 
values; approximately 4 percent of nor- 
mal subjects' and 8 percent of DAT 
patients' trials fell outside these limits 
and were not analyzed. Eye position was 
sampled at 1000 points per second for the 
I-second period after stimulus onset. 

Data analyses were based on subject 
median RT values, as some tendency to 
positive skewing was evident in the pa- 
tient group. The overall latency of the 
DAT patients was 158 msec longer than 
that of the normal aged controls (Fig. 1). 
Analyses of variance (12) demonstrated 
that DAT patients displayed significantly 
(P  < .001) longer saccadic latencies than 
normal subjects and that the mild, mod- 
erate, and severe groups in turn had 
significantly ( P  < .001) different laten- 
cies from one another. Group separation 
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remained relatively constant at all target 
presentation sites, with no interactions 
found between group and visual angle or 
half-field. 

Both the patients and the normal sub- 
jects showed progressively decreasing 
latencies as stimuli moved farther into 
the periphery with the exception of the 
15" condition, where RT increased (13). 
Eye movements to targets in the right 
visual field had significantly shorter la- 
tencies (9 msec) than leftward saccades. 
This observation is in agreement with 
other studies finding this perceptual mo- 
tor asymmetry. A structural basis under- 
lies this oculomotor asymmetry, since 
only dextrals show a significant right- 
ward advantage (14). All subjects in our 
study were right-handed as determined 
by a hand-preference questionnaire. The 
interaction of saccadic latency asymme- 
try with handedness supports the hy- 
pothesis of cortical modulation of oculo- 
motor RT (15). 

Spooner et al. (16) have demonstrated 
that older normal subjects have (i) signif- 
icantly decreased eye movement veloci- 
ties during saccadic and pursuit testing, 
(ii) increased latency in the slow compo- 
nent of optokinetic nystagmus, and (iii) 
an increase in saccadic RT of about 40 
msec over normal younger subjects. We 
have previously shown that saccadic la- 
tency decreases through childhood into 
young adulthood (from approximately 
212 msec to 179 msec in young adults) (3, 
15). 

A number of well-documented periph- 
eral and central changes specific to the 
human visual system could be responsi- 
ble for age-related declines in visual and 
oculomotor function (1 7). Alternatively, 
numerous more generalized morphologi- 
cal changes have been described in the 
normal aging nervous system (18), which 
could underlie deficits in sensory and 
motor information processing and con- 
tribute to this RT difference. An essen- 
tial qualitative similarity has been pro- 
posed between morphological changes in 
the central nervous system during aging 
and Alzheimer's disease (19). While ad- 
vancing age was associated with a mod- 
est increase in oculomotor RT in our 
study, the presence of diffuse cerebral 
pathology in DAT greatly disrupted sac- 
cadic latencies. Furthermore, clinically 
assessed severity, with the concomitant 
assumption of correlated cortical struc- 
tural alterations, has a profound influ- 
ence on oculomotor RT. This effect is 
larger than normal age-related changes, 
since the oculomotor RT increases from 
normal young adult to normal elderly 
were roughly half of the stepped in- 
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creases between mild, moderate, and 
severe DAT groups. 

Despite the relationship between clini- 
cal signs and symptoms of dementia and 
the noninvasive imaging of the degree of 
cerebral involvement, our study does not 
provide direct evidence for a causal rela- 
tionship between the morbid anatomy 
and disturbance in this simple visual- 
motor function. Several studies (20) have 
shown a positive correlation between 
neuropsychological sequelae and neu- 
roanatomical features of DAT, but fur- 
ther investigation is required to deter- 
mine whether a specific causal link ex- 
ists between the cortical degenerative 
changes in Alzheimer's disease and the 
disturbances of intellectual and psycho- 
motor function. 

Reaction time provides a reliable psy- 
chological measure of the speed of dis- 
crete neurophysiological events. A com- 
mon view of functional components in 
simple RT has been that performance 
requires perception and registration of 
an incoming sensory stimulus, motor re- 
sponse translation, decisional processes, 
and motor execution. In the oculomotor 
RT paradigm, this intermediate stage has 
a more automated, involuntary charac- 
teristic than in RT tasks involving distal 
upper or lower extremity responses. Our 
subjects found it most difficult to main- 
tain fixation and avoid eye movements, 
despite instructions to do so, when ob- 
jects appeared in their parafoveal and 
near peripheral vision. That such an 
automated sensory motor function as 
oculomotor RT should be affected by the 
degree of structural cortical integrity 
may suggest an overall cortical toning or 
regulatory descending influence on low- 
er centers involved in saccadic motor 
execution. The sensitivity of simple ocu- 
lomotor RT to presumed neuropatho- 
physiological status supports the hypoth- 
esis that RT performance accesses a 
cardinal functional dimension of the cen- 
tral nervous system. 

FRANCIS J. PIROZZOLO* 
EDWARD C. HANSCH 

Geriatric Research, Education, and 
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Bristol and Williamson raise a valid 
question as to the role of a colonic suture 
line in carcinogenesis. However, we 
found that neither a sutured colostomy 
(0110) nor the anastomosis to the colon of 
a vascularized patch of bladder without 
urinary inflow (0113) had any tumors 
after 1 year (I). These controls clearly 
could not suffer from "atrophy of de- 
function." The required presence of 

Ureterosigmoidostomy and Colon Carcinogenesis urine and feces for tumor formation 

Although Crissey et al. (I) have de- 
vised a successful model for ureterosig- 
moidostomy in the rat, we advocate cau- 
tion in accepting their hypothesis that 
the resulting anastomotic tumors are 
caused by urinary enzymes activating 
fecal procarcinogens. The authors over- 
looked the tendency for almost any in- 
testinal anastomosis to be a favored site 
for tumor formation, both in man and 
experimental animals (2). Spontaneous 
intestinal tumors in rodents are rare (3),  
but we (4) encountered one adenocarci- 
noma at a colonic transection site in a rat 
receiving no carcinogen, and a similar 
phenomenon occurred in Crissey et al.'s 
(I) experiment. Since some of the intesti- 
nal carcinogen employed (dimethylhy- 
drazine) reaches the colonic mucosa 
through the bloodstream (3, the absence 
of tumors at the suture line after proxi- 
mal divertmg colostomy probably re- 
flects the colonic atrophy of defunction 
(6). Chemical carcinogenesis in the distal 
colon is reduced, though not abolished, 
by proximal colostomy (7). 

We suggest that the development of 
tumors at sites of intestinal anastomosis 
is more likely to result from hyperplasia 
provoked by surgical trauma or the pres- 
ence of suture material. Indeed, com- 
pensatory postresectional hyperplasia, 
which may be maximal in the immediate 
vicinity of an anastomosis (8), probably 
accounts for enhanced carcinogenesis af- 
ter intestinal resection in experimental 
animals (2). In the experiment of Crlssey 
and his colleagues, the specific effect of 
urinary diversion might have been tested 
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by performing sigmoid colotomy or tran- 
section rather than vasectomy as the 
control operation. 

Until some of these etiologic uncer- 
tainties are resolved, it is premature to 
conclude that the use of colon conduits 
in children is entirely free from the risk 
of subsequent carcinoma. 
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leads us to our currently favored hypoth- 
esis that the obligatory urinary precar- 
cinogens (for example, nitrate) become 
activated to short-lived proximate car- 
cinogens by fecal bacteria. The phenom- 
enon of suture-line sensitization to car- 
cinogens brought up by Bristol and Wil- 
liamson may well provide the explana- 
tion for the consistent location of the 
resulting bowel tumors at the suture line. 
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Plankton Productivity and the Distribution of 
Fishes on the Southeastern U.S. Continental Shelf 

The report by Turner et al. (I) is an 
important contribution to a topic that is 
becoming increasingly popular (2). How- 
ever, the conclusions in (I) could have 
benefited from additional sources of data 
which bear significantly on the results. I 
believe that the winter increase in off- 
shore primary productivity shown in fig- 
ure 2 of (I) is also an important compo- 
nent of nearshore shelf coupling. In the 
South Atlantic Bight there are generally 
two periods of annual abundance associ- 
ated with the spawning of nearshore ma- 

rine and estuarine species. A summer 
and early fall peak is associated with the 
presence of primarily anchovies (En- 
graalidae) and gobies (Gobiidae). This 
peak seems to coincide with the one 
shown in figure 2 of (I). As Turner et al. 
suggested, many individual eggs and lar- 
vae may have been washed out of local 
estuaries. 

A second peak of seasonal abundance, 
however, normally occurs in winter and 
early spring and is coincident with the 
spawning of spot (Leiostomus xanthur- 
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